MiR-206 is a remarkable miRNA because it functions as a suppressor miRNA in rhabdomyosarcoma while at the same time, as previously showed, it can act as an oncomiRNA in SMARCB1 immunonegative soft tissue sarcomas. The aim of this study was to investigate the effect of miR-206 on its several target genes in various human tumorous and normal cell lines. In the current work, we created miR-206-overexpressing cell lines (HT-1080, Caco2, iASC, and SS-iASC) using permanent transfection. mRNA expression of the target genes of miR-206 (SMARCB1, ACTL6A, CCND1, POLA1, NOTCH3, MET, and G6PD) and SMARCB1 protein expression were examined with quantitative real-time polymerase chain reaction, immunoblotting, immunocytochemistry, and flow cytometry. MiRNA inhibition was used to validate our results. We found a diverse silencing effect of miR-206 on its target genes. While an overall tendency of downregulation was noted, expression profiles of individual cell lines showed large variability. Only CCND1 and MET were consistently downregulated. MiR-206 had an antiproliferative effect on a normal human fibroblast cell line. A strong silencing effect of SMARCB1 in miR-206 transfected SS-iASC was most likely caused by the synergic influence of the SS18-SSX1 fusion protein and miR-206. In the same cell line, a moderate decrease of SMARCB1 protein expression could be observed with immunocytochemistry and flow cytometry. In the most comprehensive analysis of miR-206 effects so far, a modest but significant downregulation of miR-206 targets on the mRNA level was confirmed across all cell lines. However, the variability of the effect shows that the action of this miRNA is largely cell context-dependent. Our results also support the conception that the oncomiR effect of miR-206 on SMARCB1 plays an important but not exclusive role in SMARCB1 immunonegative soft tissue sarcomas so it can be considered important in planning the targeted therapy of these tumors in the future.
Introduction
The SWI/SNF chromatin-remodeling complex plays an important role in cell proliferation, differentiation, and DNA repair. The complex contains an ATPase domain called BRG1 or BRM, and three core subunits, BAF47 or SMARCB1, BAF155 or SMARCC1, and BAF170 or SMARCC2. In addition to these four obligate subunits, the complex is composed of other variable subunits
Impact statement
Mir-206 is a very unique microRNA because it can act as a suppressor miRNA or as an oncomiRNA depending on the tumor tissue. In SMARCB1 negative soft tissue sarcomas miR-206 is overexpressed, so thus in epithelioid and synovial sarcomas it functions as an oncomiRNA. MiR-206 has diverse silencing effects on its target genes. We found that the action of miR-206 is largely cell context dependent. The oncomiR role of miR-206 is crucial but not exclusive in SMARCB1 negative soft tissue sarcomas and miR-206 has an antiproliferative effect on a normal human fibroblast cell line. Expressions of miR-206 targets observed in tumors can only be reproduced in the corresponding tumorous cell lines. This is the first study which examined the permanent effect of miR-206 on its target genes in normal, tumor, and genetically engineered cell lines.
depending on the tissue microenvironment.
1,2 SMARCB1 is considered as a classical tumor suppressor gene and its lack can cause tumor formation.
2 SMARCB1 deficiency occurs in several soft tissue tumors including synovial sarcoma (SS). 3 Kadoch and Crabtree demonstrated that the SS18-SSX fusion protein competes with the wild-type (WT) SS18 and SMARCB1. This competition results in an altered BAF complex, incorporating SS18-SSX while excluding WT SS18 and SMARCB1, and reduced protein expression of SMARCB1 due to proteasomal degradation. 4 Complete loss of SMARCB1 is known in malignant rhabdoid tumor (MRT) and epithelioid sarcoma (ES). In MRT, the lack of SMARCB1 expression can be caused by homozygous inactivation (biallelic mutation and/or deletion). 3 In ES, the absence of SMARCB1 expression can be induced by genetic and/or epigenetic alterations. 3 In our previous work, we demonstrated that in monoallelically deleted ES cases, the loss of SMARCB1 nuclear immunopositivity can be induced by overexpressing three microRNAs (miRNA) (miR-206, miR-381, and miR-671-5p). MiR-765 was also overexpressed, but could not silence SMARCB1 expression in a functional test on cell lines. 5 In a successive study, we demonstrated that in biphasic SS (wherein both spindle and epithelial cell components comprise the SS18-SSX fusion gene), the spindle cell component is characterized by weak or negative immunostaining for SMARCB1 of nuclei, while the epithelial cells retain their SMARCB1 protein expression (Figure 1 (a) and (b)). 6 We also showed that the three functionally active miRNAs (miR-206, miR-381, and miR-671-5p) were overexpressed and displayed higher expression in the spindle cells than in the epithelial cell component, whereas the ES-specific miR-765 had the same low expression value in both cell types (Figure 1(c) ). 6 MiR-206 is a very noteworthy miRNA because it functions as a suppressor miRNA in rhabdomyosarcoma (RMS), 7 osteosarcoma, 8 chondrosarcoma, 9 breast cancer, melanoma, and lung cancers, [10] [11] [12] while at the same time it can act as an oncomiRNA in ES, SS, and in other SMARCB1 immunonegative soft tissue tumors. 5, 6 This fact indicates the important role of tissue microenvironment. In skeletal muscle, miR-206 promotes cell differentiation. 13 Functional studies have identified several target genes of miR-206. 14, 15 After creating cell lines with permanent miR-206 expression, our purpose was to investigate the expression levels of miR-206 target genes. We examined 6 miR-206 targets beside SMARCB1, namely ACTL6A, CCND1, POLA1, NOTCH3, MET, G6PD, and SNAI1. Albeit the latter is not a direct target of miR-206, it was selected due to its crucial role in epithelialto-mesenchymal transition (EMT). ACTL6A (also known as BAF53A) is a variable domain of the SWI/SNF chromatin-remodeling complex and it is an oncogene.
16
CCND1 as an oncogene promotes progression from G1 to S phase through cyclin-dependent kinase 4/6 (CDK4/6).
17
POLA1 gene encodes the catalytic subunit p180 of DNA Polymerase a I (DNA Pol a I).
18 NOTCH3 as an oncogene plays an important role in the NOTCH signaling pathway and is overexpressed in many tumors. 19 MET as a protooncogene encodes the Met tyrosine kinase receptor and plays an important role in skeletal muscle differentiation.
20
G6PD as an oncogene encodes a glucose-6-phosphate dehydrogenase enzyme active in the pentose-phosphate pathway. 21 SNAI1 is an EMT marker gene which is overexpressed when epithelial cells transform into mesenchymal cells, while E-cadherin expression decreases -and vice versa -when mesenchymal cells transform into epithelial cells, SNAI1 is downregulated, and E-cadherin expression increases. 22 In the present work, we created cell lines constitutively expressing miR-206 because in our previous transient miRNA transfection experiments, miR-206 was the most effective at silencing SMARCB1. 5 In addition to the formerly used three human cell lines (HT-1080, Caco2 and HDFa), 5 two new human cell lines, iASC (immortalized adipose tissue-derived mesenchymal stem cell) and SS-iASC (SS18-SSX1-carrying immortalized adipose tissue-derived mesenchymal stem cell) were involved in this study. 23, 24 SS-iASC is a novel SS18-SSX1-carrying immortalized adipose tissue-derived mesenchymal stem cell line previously established by our group. Immunocytochemistry showed that the SS18-SSX1 transcript successfully induced mesenchymal-to-epithelial transformation (MET) in SS-iASC. 24 The overall aim of this study was to investigate the effect of miR-206 on several target genes in various human tumorous and normal cell lines, and to examine the combined effect of SS18-SSX1 and miR-206. According to our best knowledge, this is the first work where these miR-206 target genes are chosen to be examined in these cell lines.
Materials and methods

Cell culture
Two human tumor cell lines (HT-1080 and Caco2), a normal cell line (HDFa with retained SMARCB1 expression), an immortalized adipose tissue-derived mesenchymal stemcell line (iASC) 23 and the above-mentioned SS-iASC cell line 24 were cultured for our transfection experiments. HT-1080 human fibrosarcoma cells were acquired from the American Type Culture Collection (ATCC number: CCL-121) and grown in RPMI-1640 medium (Biosera, Kansas, MO, USA) supplemented with 10% fetal bovine serum (FBS, Biosera) and gentamicin (Sandoz Hungária Kft., Budapest, Hungary, 160 mg/mL). Caco2 human colon adenocarcinoma cells (ATCC number: HTB-37) were cultured in minimum essential medium (MEM, HyClone, GE Healthcare Life Sciences, Logan, UT, USA) with LGlutamine (Sigma-Aldrich, St Louis, MO, USA) completed with 20% FBS, 1% non-essential amino acids (Biosera), and antibiotics mentioned above. Human dermal fibroblast adult (HDFa) cell line (Thermo Fisher Scientific, Waltham, MA, USA) was grown in medium 106 supplemented with low serum growth supplement (LSGS, Invitrogen by Thermo Fisher Scientific) in the absence of antibiotics and antimycotics. iASC and SS-iASC were cultured in Dulbecco's Modified Eagles Medium/F12 (DMEM/F12, Sigma-Aldrich) supplemented with 10% FBS (Biosera), LGlutamine (Sigma-Aldrich), fibroblast growth factor-basic (bFGF, Gibco by Thermo Fisher Scientific 0.001 mg/mL), and antibiotics mentioned above. Cells were cultured in 25/75 cm 2 tissue culture flasks (Sigma-Aldrich) at 37 C under a humidified atmosphere containing 5% v/v CO 2 . Media was refreshed every other day, and cells were subcultured at a confluency of 80%.
miRNA transfection
Expression plasmid for human miRNA MIR206 (accession number: MI0000490) and as a negative control empty vector pCMV-MIR (accession number: pCMVMIR) (OriGene Technologies, Rockville, MD, USA) was permanently transfected into the above-mentioned five cell lines with the Neon TM Transfection System (Invitrogen by Thermo Fisher Scientific) according to the manufacturer's protocol. The OriGene miRNA precursor involves a 60-70 nucleotides long pre-miRNA sequence with a 250-300 nucleotides long up-and downstream flanking sequence. The expression of miRNA precursor is driven by CMV promoter and with human growth factor I poly(A) tailing signal. The miRNA plasmids also contain green fluorescent protein (GFP) as a reporter for transfection monitoring and also include Neomycin selection marker for stable cell establishment. The empty vector pCMV-MIR was used as a negative control with no detectable effects on known miRNA function. Cells prepared for transfection were washed with phosphate-buffered saline (PBS) and dissociated with trypsin. For one reaction, generally 4 Â 10 5 cells were centrifuged at 800g for 10 min and washed with PBS. The pellet was suspended in a suitable volume of transfection resuspension buffer R and mixed with 1 mg of miRNA plasmid. The miRNA amount could not exceed 10% of total volume used. A 10-mL aliquot was placed in the electroporation Neon Pipette Tips and pulsed. The parameters for electroporation were selected from the cell line database of Invitrogen. After electroporation, cells were placed into a single well of a six-well tissue plate containing 2 mL of antibiotic-free media. Twenty-four hours later, effectivity of the transfection was examined with (epi)fluorescence microscope using GFP monitoring. MiRNA MIR206-transfected, empty vector pCMV-MIR-transfected, and non-transfected cells were treated with Geneticin V R selective antibiotic (Gibco by Thermo Fisher Scientific, 0.05 mg/mL) for two weeks. Transfection of Anti-miR TM miRNA Inhibitor (against hsa-miR-206, AM17000), FAM-labeled Anti-miR TM Negative Control (catalog number: AM17012), and as positive control Anti-miR TM hsa-let-7c miRNA Inhibitor (catalog number: 4392431) (Ambion by Life Technologies) into the aforementioned miR-206-transfected and non-transfected cell lines was done with the Neon TM Transfection System (Invitrogen by Thermo Fisher Scientific) according to the manufacturer's protocol as described above. The FAM-labeled Anti-miR negative control was used as a negative control. Anti-miR TM hsalet-7c miRNA inhibitor was chosen as positive control because it effectively inhibits endogenous let-7 miRNA. The let-7 miRNA downregulates HMGA2 mRNA. AntimiR TM hsa-let-7c miRNA inhibitor blocks endogenous let-7c miRNA, resulting in increased levels of HMGA2 mRNA, which can be detected by qRT-PCR. After 24 h of transfection, cells were harvested for RNA extraction.
RNA isolation
Transfected cells were cultured in six-well tissue plate or 25 cm 2 tissue culture flasks for 24 or 48-72 h before isolation of total RNA using the PureLink RNA Mini Kit (Invitrogen by Thermo Fisher Scientific) according to the manufacturer's protocol. We removed residual DNA by DNAse treatment as an optional step. The isolated RNA's yield and purity were estimated by NanoDrop 1000 (NanoDrop Technologies, Houston, TX, USA). The isolated RNA samples were stored at À80 C until further experiments.
Reverse transcription
For real-time PCR quantification of miR-206 expression, the TaqMan V R MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) was used to synthetize first-strand complementary DNA (cDNA). The reactions were performed at 16 C for 30 min then at 42 C for another 30 min and finally for enzyme inactivation, it was hold at 85 C for 5 min. For real-time PCR analysis of miR-206 target gene expressions, the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) was used to reverse-transcribe the RNA samples. After initial incubation at 25 C for 10 min, the reaction was performed at 37 C for 120 min which was followed by final inactivation at 85 C for 5 min. Reverse transcription reactions were run in a Verity V R 96-Well Thermal Cycler PCR instrument. Until next experiments, cDNA samples were stored at À20 C.
Real-time PCR quantification of miR-206
Expression level of hsa-miR-206 (assay ID 000510) was measured in the miR-206-transfected or empty vectortransfected and non-transfected cell lines using TaqMan miRNA assays (Applied Biosystems) following the supplier's protocol. Reactions were run in triplicate in a 96-well plate on a Lightcycler V R 480 Instrument (Roche Applied Science, Indianapolis, IN, USA). After initial denaturation at 95 C for 10 min, 40 cycles of denaturation at 95 C for 15 s and annealing/extension at 60 C for 1 min were performed. RNU6B (assay ID 0010093, PN 4427975) was chosen as endogenous control based on supplier application note (endogenous controls for real-time quantification of miRNA using TaqMan MiRNA assays (Applied Biosystems)). As a calibrator, non-transfected and empty vector-transfected cells were used. Expression levels were calculated by the DDC T method. 25 Real-time PCR analysis of miR-206 targets SMARCB1 (assay ID: Hs00992522_m1), ACTL6A (assay ID: Hs00895061_m1), CCND1 (assay ID: Hs00765553_m1), POLA1 (assay ID: Hs00415835_m1), NOTCH3 (assay ID: Hs01128537_m1), SNAI1 (assay ID: Hs00195591_m1), MET (assay ID: Hs01565576_m1), G6PD (assay ID: Hs00166169_m1), HMGA2 (assay ID: Hs00171569_m1) mRNA expression was analyzed by qRT-PCR; 50 ng of cDNA was used as template in 20-mL PCR reactions with 2X TaqMan Universal PCR master mix (Applied Biosystems). The thermal parameters were the same as described above in part of real-time PCR quantification of miR-206. Relative quantification of gene expression was measured four times in triplicate using 20X TaqMan Assays on a Lightcycler V R 480 Instrument (Roche Applied Science) by DDC T method, using GAPDH (part no.: 4352338E) as an endogenous reference control. As a calibrator, non-transfected and empty vectortransfected cells were used.
Western blot analysis of SMARCB1 after stable miR-206 transfection
Cells were homogenized with a lysis buffer containing 20 mM Tris pH 7.5, 150 mM NaCl, 2 mM EDTA, 0.05% Triton X-100, 0.5% protease inhibitor cocktail (P8340, Sigma-Aldrich), 2 mM Na 3 VO 4 , and 10 mM NaF. Protein concentrations were measured by Bradford method; 30 mg of total proteins were mixed with loading buffer containing beta-mercaptoethanol and denatured at 99 C for 5 min. Denatured samples were loaded onto a 10% SDSpolyacrylamide gel and separated for 40 min at 200 V. Proteins were transferred to a PVDF membrane with overnight blotting at 4 C at constant 75 mA. Blotting efficiency was checked by Ponceau staining. Blocking was carried out with 5% non-fat dry milk dissolved in tris-buffered saline (TBS) for 1 h. Next, the membrane was incubated overnight with primary anti-SMARCB1/BAF47 Antibody (clone: D9C2, 1:1000, Cell Signaling Technology, Danvers, MA, USA). After washing with TBST (TBS þ 0.05% Tween 20), the appropriate secondary antibody dissolved in 1% nonfat dry milk (TBS) was applied for 1 h at room temperature. After washing, immunoreactions were visualized using SuperSignal West Pico Chemiluminescent Substrate kit (Thermo Fisher Scientific). Bands were detected with Kodak Image Station 4000MM (Kodak, Rochester, NY, USA).
SMARCB1 immunostaining
Cells were grown on coverslips. After methanol fixation miR-206-transfected, empty vector-transfected and nontransfected cells were immunostained with Novolink TM Max Polymer Detection System (Novocastra, Newcastle Upon Tyne, UK), according to the manufacturer's instruction. Following peroxidase and protein block solutions (5-5 min), the samples were incubated at room temperature for 1 h with the purified mouse anti-BAF47 (anti-SMARCB1) antibody (clone 25; 1:50; BD Transduction Laboratories, San Diego, CA, USA). After incubation with the primary antibody, the samples were incubated with post primary solution for 30 min and then incubated with the polymer for 30 min (both provided with the Novolink TM Max Polymer Detection System). The reaction was stained with diaminobenzidine (DAB) followed by hematoxylin counterstaining. The slides were then dehydrated in ethanol series, cleared in xylene, and mounted with micromount (Surgipath, Richmond, IL, USA). For SMARCB1, the stained cells were scored as having nuclear expression intact or absent. 
Statistical analysis
To calculate the significance of gene expression changes (up-or downregulation), we used non-parametric onesample Wilcoxon signed rank test. Due to the small sample sizes, normal distribution could not be assumed; hence, parametric one-sample t-test was not applicable. Significance level was set to 0.05. We performed analysis using real statistics excel add-in Resource Pack (http:// www.real-statistics.com/).
Results
Transfection efficiency and expression of miR-206
Twenty-four hours after the electroporation, cells were examined for GFP expression and as Figure 2 shows, the efficiency of the transfection was estimated to be 75-80% in the transfected cell lines. Interestingly, HDFa-206 cells were not growing as fast as the other transfected cell lines during the two weeks of antibiotic selection and after one month they died. MiR-206 was confirmed to be overexpressed in the stably transfected cell lines. Relative expression levels of miR-206 were 138-fold in SS-iASC-206, 1493-fold in iASC-206, 222-fold in Caco2-206, and 360-fold in HT-1080-206, respectively, compared to their non-transfected and empty vector-transfected controls.
Relative gene expression of miR-206 targets before and after inhibition
Figures 3(a) and (b) and 4(a) and (b) show the relative expression levels of the seven selected miR-206 target genes and the EMT marker SNAI1. Results significant at P < 0.05 are listed below. SMARCB1 expression was found to be downregulated to 64% in SS-iASC-206, to 83% in iASC-206, and to 81% in Caco2-206, but upregulated to 143% in HT-1080-206. ACTL6A was found to be downregulated to 68% in SS-iASC-206, to 48% in iASC-206, and to 78% in Caco2-206, while in HT-1080-206, it was overexpressed to 143%. CCND1 expression was found to be decreased to 42% in SS-iASC-206, to 64% in iASC-206, to 84% in Caco2-206, and to 87% in HT-1080-206. POLA1 was downregulated to 46% in SS-iASC-206 and to 83% in Caco2-206. However, in HT-1080-206, POLA1 was found to be overexpressed to 160%. NOTCH3 expression decreased to 62% in Caco2-206 only. MET expression was found to be downregulated to 50% in SS-iASC-206, to 74% in iASC-206, and to 78% in Caco2-206. G6PD expression was decreased to 80% in iASC-206 and to 73% in HT-1080-206. SNAI1 was overexpressed to 175% in iASC-206; however, it was downregulated to 59% in SS-iASC-206 and to 77% in Caco2-206. The means of the relative expression levels of the target genes with corresponding standard deviation values, P values, and levels of significance are represented in Table 1 . MiR inhibition experiments with the permanently transfected cell lines verified our gene silencing results, since specific inhibition of miR-206 restored the expression levels of most target genes to around 100% of baseline (Figures 3(b) and 4(b) ).
SMARCB1 protein expression
Western blot analysis did not detect any significant change of SMARCB1 protein expression in the miR-206-transfected cell lines compared to the non-transfected and the empty vector-transfected cells (results not shown). However, in the miR-206-transfected SS-iASC-206 cell line, SMARCB1 immunocytochemical reactions showed a focal decreased nuclear stain compared with the evenly strong nuclear stain of SS-iASC cell line ( Figure 5(a) to (c)) . Flow cytometry evaluation also demonstrated a modest decrease of ........................................................................................................................................................ .... ............................................................................................................................................................ 
SMARCB1 protein expression in SS-iASC-206 compared to SS-iASC, confirming the immunocytochemical results (Figure 5(d) and (e)).
Discussion
MiR-206, as part of the myomiR family, plays a substantial role in muscle differentiation 26 and can act as a tumor suppressor miRNA in several human tumors. [27] [28] [29] Based on our previous findings using transient transfection, 5 in the present study, we set out to examine the effect of permanent miR-206 transfection on various cell lines and assess how this small RNA molecule could affect the expression of SMARCB1 and other miR-206 target genes. To verify our data, we used an miRNA inhibition strategy. Based on the literature data, we chose six target genes of miR-206, the expression levels of which were examined following permanent miR-206 transfection. The gene silencing effects of miR-206 on these targets (namely ACTL6A, CCND1, POLA1, NOTCH3, MET, and G6PD) had been proven in some tumor tissues and cell lines, 7, 14, 17, 26, 30, 31 but until now we had no information about the effects of miR-206 on non-tumorous cells or other tumor cell lines in which miR-206 acts as an oncomiRNA. From the examined miR-206 target genes, one is a tumor suppressor gene (SMARCB1), one is the coding gene of the subunit p180 of DNA Polymerase a I (POLA1), and the others are oncogenes (ACTL6A, CCND1, NOTCH3, MET, G6PD). We also examined an EMT marker (SNAI1). The lack of SMARCB1 protein expression was observed in RT, ES, and in the spindle cell component of SS. 4, 32, 33 Genetic and epigenetic regulation of SMARCB1 expression was also demonstrated in a variety of SMARCB1-immunonegative soft tissue sarcomas. 5, 6 The examined oncogenes are overexpressed in several tumor tissues or cell lines. 7, 26, 31, 34, 35 In RMS cell lines, ACTL6A, 7 MET, 35 and G6PD 31 are overexpressed. Upon increasing the level of miR-206 in the tumor cells, target genes were downregulated, 7, 31, 35 tumor growth was impaired, 7 cells finished their myogenic program, 35 and the activity of pentose-phosphate pathway was decreased.
31 CCND1 is overexpressed in clear cell renal cell carcinoma, hence increasing miR-206 level in these cells led to cell cycle arrest at the G0/G1 phase, indicating a major contribution of miR-206 to cell cycle regulation. 34 Introducing miR-206 into myoblasts decreases the expression of POLA1 and therefore inhibits DNA synthesis 26 ; hence, miR-206 has an antiproliferative effect here. NOTCH3 is a direct target of miR-206 and is overexpressed in HeLa cells. Increased miR-206 induces apoptosis in HeLa cells via cross-talk with NOTCH3. 30 Following the permanent transfections, we were only able to analyze the results of four cell lines (iASC-206, SS-iASC-206, Caco2-206, and HT-1080-206) because HDFa cells were arrested in growth and eventually died. In C2C12 myoblasts, CCND1 and p180 subunits of DNA polymerase a were shown to be downregulated by miR-206 during differentiation, triggering G1 arrest, and drove myoblasts toward differentiation instead of proliferation. 17, 26 In our hands, miR-206 had a similar antiproliferative effect on HDFa cells which probably is the single most relevant action of miR-206 on normal cell lines.
After permanent transfection and antibiotic selection, stable overexpression of miR-206 was confirmed by qRT-PCR in the remaining four cell lines, and expression levels of miR-206 target genes were estimated using the same method.
In SS-iASC-206, the gene expression level of SMARCB1 decreased to 64% upon miR-206 transfection in comparison to iASC-206 where the same value was 83%; the difference most likely reflects an effect of the chimeric SS18-SSX1 fusion protein. The more pronounced silencing effect of miR-206 on SMARCB1 in SS-iASC-206 indicates a synergic influence of SS18-SSX1 fusion protein and miR-206. This synergic effect was proven in our previous work using microdissection in biphasic SS, thus separating the spindle cells with miR-206 overexpression from the epithelial cell with an unchanged miR-206 level. The difference is obvious in SMARCB1 protein levels, emphasizing the role of miR-206 (Figure 1 ) However, it is important to recognize that our SS-iASC cell line, even harboring the SS18-SSX1 fusion gene, is not a SS cell line which explains why we could not attain the same protein decrease in our cell line and also underlines the importance of different cell association. SMARCB1, ACTL6A, and POLA1 were significantly downregulated in SS-iASC-206, iASC-206, and Caco2-206, while in HT-1080-206 these targets of miR-206 were overexpressed. These findings clearly showing the importance of the tumor tissue type and raising the possibility that miR-206 has no silencing effect on SMARCB1, ACTL6A, and POLA1 in HT-1080 fibrosarcoma cell line.
Interestingly, CCND1 and MET were the only oncogenes on which miR-206 invariably acted as a suppressor, so thus these findings collectively suggest a general suppressor function of miR-206 on CCND1 and MET in the four transfected cell lines.
NOTCH3 was significantly downregulated in Caco2-206, while changes in expression were not significant in SS-iASC-206, iASC-206, or HT-1080-206; hence, miR-206 had a significant effect on NOTCH3 only in Caco2-206.
G6PD was significantly downregulated after miR-206 transfection in iASC-206, Caco2-206, and HT-1080-206, but did not change in SS-iASC-206.
Biphasic SSs contain nests of glandular epithelium. These biphasic SSs harbor the SS18-SSX1 fusion gene instead of SS18-SSX2. 36 As Saito et al. described, the fusion protein SS18-SSX1 interferes with SNAI1, the strongest repressor of E-cadherin promoter. They found in SSs that SS18-SSX1 can overcome the transcriptional repression of E-cadherin by SNAI1 which triggers mesenchymal-to-epithelial transition in this tumor. 36 Saito et al. established that the derepression effect of SS18-SSX depends on the endogenous SNAI1 level in the cell line examined, i.e. with higher SNAI1 levels, SS18-SSX is able to release E-cadherin from repression more efficiently. Our miR-206 experiments showed that SNAI1 was downregulated in SS-iASC-206, while overexpressed in iASC-206. The SNAI1 downregulation observed in SS-iASC-206 can probably be accounted for by the combined effect of the fusion gene and miR-206. We have already seen SNAI1 downregulation in SS-iASC compared to iASC, but it was not as large as in the miR-206-transfected cells (data not shown).
Even though relative miR-206 expression was hundredto thousand-fold in all permanently transfected cell lines, we saw only modest repression of the target genes. However, these results are supported by the findings of Mukherji et al. 37 They found that the degree of repression by miRNAs is mild in a cell population and the repression varies greatly in single cells. Moreover, our results were validated with in vitro miR-206 inhibition experiments. In the four permanently transfected cell lines, the effect of miR-206 on its target genes was mostly reverted by miRNA inhibition.
Immunoblotting experiments showed no significant decrease in SMARCB1 protein expression in any of the cell lines (data not shown). However, more intriguing was our SMARCB1 immunocytochemistry and flow cytometry results. We could demonstrate a slight SMARCB1 protein expression decrease in individual nuclei of SS-iASC-206 intermingled with strong SMARCB1 positive nuclei at the same time ( Figure 5(b) and (c) ). These results suggest that in this subpopulation of individual cells, the SMARCB1 protein was expressed at a lower level compared to those that somehow overcame the downregulative effect of miR-206. It is also possible that on an individual cell level, both the chimeric gene and miR-206 transfection effect were differently represented. It is evident that permanent miR-206 overexpression in itself is not sufficient to abolish the SMARCB1 protein in SMARCB1 immunonegative sarcomas (with no biallelic damage of SMARCB1 gene), but definitely plays an important role in it -together with other gene-defects, like SS18-SSX fusion genes in SS. It would be interesting to test the silencing effect of miR-206 in a WT ES not carrying biallelic SMARCB1 deletion but to our knowledge, no such cell line is available on the market.
The mechanism of SMARCB1 silencing in different tumors is a subject of intensive research. As we showed in our previous transient miRNA experiments, a possible pathway to SMARCB1 silencing is miRNA overexpression. 5, 6 Here, we examined the influence of permanent miR-206 overexpression on its target genes in multiple cell lines. Prior to our experiments, no information was available on the effect of miR-206 on its target genes in tumor cell lines such as Caco2 or HT-1080, in normal cells such as HDFa, or in genetically engineered cell lines such as iASC or SS-iASC. We hypothesized that constitutive expression of miR-206 might successfully silence the target genes of miR-206, including SMARCB1 in tumorous, non-tumorous, and SS18-SSX1 transgenic cell lines. Our qRT-PCR results showed an overall tendency of downregulation of miR-206 target genes; however, in any individual cell line, the expression profile of the targets showed large variability. Permanent miR-206 transfection could silence SMARCB1 expression on the mRNA level (Figures 3(a) and 4(a)) but results in a slight protein level decrease and only on an individual cell level ( Figure 5(b) , (c) and (e)). These results suggest that the outcome of miR-206 overexpression depends on the cell line used. The expression changes of miR-206 targets observed in tumor tissues can only be reproduced in the corresponding tumorous cell lines, but not in other tumorous or normal cells. In a different context, miR-206 may fail to repress its target genes which is in line with the known fact that the effect of miRNAs is tissue-or tumor-dependent. We are not aware of a similarly comprehensive previous study to confirm this conclusion. Our results also clearly show that while miRNA alterations are excellent diagnostic tools, much more complex analysis is required to elucidate their mechanism of action in any given tumor type. Our results also support the conception that the oncomiR effect of miR-206 on SMARCB1 plays an important but not exclusive role in SMARCB1 immunonegative soft tissue sarcomas so it can be considered important in planning the targeted therapy of these tumors in the future.
